In this study, the dosimetric effects of the Tomotherapy, noncoplanar 
Introduction
There are many irradiation techniques for total scalp irradiation in the literature. The most important point is to provide homogenous dose distribution across the scalp and decrease the dose of critical organs in all treatment techniques. Different techniques can be used for total scalp irradiation. 3D-CRT (parallel opposed photon/electron junctions), IMRT, HDR, helical tomotherapy, electron arcs and abutting electron fields have been used in the practice [1] [2] [3] [4] .
Different irradiation techniques can be choosing depending on which aspect we are handling the issue. In the electron technique, brain dose is low but the scattering of electrons on oblique surfaces can create unusual dose distributions and the effect of laterally scattered and backscattered electrons from the skull must be understood [5, 6] . Dose-volume histogram is acceptable and coverage of the target volume is adequate but incidence of beam angle and field matching are the problem for combination of electron and photon technique [7] . Target dose homogeneity and critical organs doses are suitable in HDR brachytherapy. However, HDR brachytherapy technique requires more preparation and planning time than standard ones [8] .
Linac-based IMRT is well-suited for total scalp irradiation however dose of critical organs, such as brain, eyes etc., increase with IMRT [2] . The ability of helical tomotherapy to produce concave dose distributions makes it potentially for complicated target shape in total scalp irradiation for extensive lesion of the total scalp. Helical tomotherapy also avoid problems associated with field matching and use of more than one modality. Additionally, tomotherapy allows correction of intrafraction setup errors [7] .
In this study, 61 year-old female patient who is diagnosed Multiple myeloma was studied.
Total scalp irradiation was performed by used helical tomotherapy, non-coplanar IMRT and coplanar IMRT and results were compared.
Materials and Methods
Before starting the IMRT planning, patient was immobilized in supine position with thermoplastic head mask. Treatment planning CT scan was obtained with 3 mm slice thickness (Siemens, Biograph mCT 20 Excel). The target volume and organs at risk (OaRs) were defined by the same physician. The entire scalp were contoured as PTV and brain, brainstem, lenses, optical nerves, parotid glands were delinated as OaRs using by velocity software.
All planning have 10 fractions defined for delivery of 20 Gy. %95 of the PTV volume was received at least 20 Gy for all plan. Tomotherapy-based IMRT plan were optimized by using Tomotherapy planning station. Directional bloc was drawn that 5 mm distance from inside of PTV for improving dose distribution. For the dose optimization, parameters of tomotherapy planning were as follow; field width was 2.5 cm, pitch was 0.4 planning modulation factor was 3.00, plan calculation grid was the fine (0.305x0.305 cm). Linac-based IMRT plans were optimized by using Prowess Panther DAQ planning system.
Step and shoot technique was used for linac based IMRT plans. Non-coplanar planning was performed by using 10 fields beam arrangement with 7 couch angles not equal to 00 (3300, 900). 84 was the total segment number of the non-coplanar IMRT planning. Coplanar plan was performed by using 9 fields with 900 couch angle for each beam and total number of the segments was 72.
OARs doses were evaluated by using RTOG (Radiation Therapy Oncology Group) protocols and quality of PTV was evaluated with parameters of homogeneity index (HI) and the conformity index (CI) [9] . CI was calculated by using the following formula for PTV:
Where is target volume covered by the reference isodose and is target volume. Conformity index ranges from 0 (All of the target volume is situated outside of the prescription isodose) to 1 (All of the target volume is irradiated at the prescribed dose) [10, 11] :
The used HI formula was following:
where and represent the doses received by the 5% and 95% volumes of PTV respectively and is the prescribed dose [12] . Ideal value is zero (0) for homogeneity index. 
Results
Coronal, sagittal and transverse isodose distributions of the three treatment plans are showed in Figure 1 . %95 of the PTV volume is received at least 20 Gy, so %95 (19 Gy) and %100 (20 Gy) isodose lines of prescription dose are represented in the dose distributions. As can be seen in Table 1 Critical organs maximum, minimum and median doses are showed in Table 2 . As it is seen from 
Discussion
The main purpose of the treatment planning for total scalp irradiation is to get homogen dose distribution on PTV and to reduce the dose of critical organs as much as possible. Reducing the dose of the critical organs that are near the PTV is difficult in total scalp irradiation.
Different techniques used in total scalp irradiation have superiority to each other. Locke et.al obtained by using IMRT technique that critical structure doses are more uniform than the conventional treatment plan [13] . Similarly in the Wojcicka et al's study, IMRT produced brain sparing and the best target dose homogeneity and coverage and delivery clinically acceptable doses to normal structure [2] . Also IMRT plans, non-coplanar and coplanar, were compared and it was showed that dose homogeneity PTV coverage increased and optic chiasm doses reduced in non-coplanar planning in the work of Ostheimer et al [14] . The other study was practiced by Kelly et.al. In this case, static IMRT and Volumetric Arc Therapy (VMAT) were examined and they were showed that VMAT plan can also be a good option for total scalp irradiation. [15] . Likewise, Orton et al carried out tomotherapy and arc therapy and they were observed that helical tomotherapy was well-suited for scalp irradiation because the tomotherapy plan was more uniform dose to the scalp and lower dose to the brain in high-dose regions than state of the arc treatments [7] . As for that VMAT, helical tomotherapy and LPE was compared in Song's et al. study. According to Song's et al, helical tomotherapy planning was the best target coverage and conformity and low doses to the brain. The VMAT plan was showed acceptable OaR sparing and better conformity compared with the LPE plan and they were decided that helical tomotherapy is the best modality for total scalp irradiation [16] .
In our study, homogeneity index of the tomotherapy planning was better than non-coplanar planning and coplanar planning. But non-coplanar planning was the most conformal planning 
Conclusion
Tomotherapy has the ability to deliver a beam that is tangential to the scalp at all points in tomotherapy and has got capability of rapid dose decrease in short distance which is useful to reduce the OaR doses. Three treatment techniques are well-suited for scalp irradiation even though tomotherapy based IMRT treatment planning has more advantage than coplanar and non-coplanar planning. It was decided to get the treatment done with tomotherapy.
